positive predictive value, negative predictive value, and moderate sensitivity. These results demonstrate that leukocyte esterase is an accurate, effective marker of periprosthetic joint infection as defined by the MSIS criteria. The leukocyte esterase strip test is a valuable tool that can be used in conjunction with the current battery of diagnostic tests available.
Level of Evidence: Diagnostic Level II. See Instructions for Authors for a complete description of levels of evidence. P eriprosthetic joint infection is one of the most serious complications after total joint arthroplasty. An estimated 1% to 3% of patients who undergo total joint arthroplasty subsequently develop a periprosthetic joint infection [1] [2] [3] . Revision arthroplasty is associated with an even higher prevalence of periprosthetic joint infection for knees and hips, 5.6% and 3.2%, respectively 4 . In revision arthroplasty, it is vital to preoperatively distinguish between septic and aseptic failure because the two require different treatment.
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definition of periprosthetic joint infection, the work group of the Musculoskeletal Infection Society (MSIS) developed diagnostic criteria for periprosthetic joint infection 6 , which were recently endorsed and updated by an International Consensus Group on Periprosthetic Joint Infection 7 . However, the search for a single diagnostic test that possesses sufficient reliability, accuracy, sensitivity, and specificity continues. The need for a more accurate and efficient test for the diagnosis of periprosthetic joint infection led to the introduction of leukocyte esterase strip testing of synovial fluid aspirates at our institution 8 . Leukocyte esterase is an enzyme secreted by activated neutrophils that have been recruited to areas of infection 8 . In periprosthetic joint infection, neutrophils recruited to the joint secrete leukocyte esterase that is detectable by colorimetric strip tests through reactions that result in a color change and that vary according to the type of strip used 8 . This simple test requires application of synovial fluid to a urine test strip with subsequent attention to leukocyte esterase 6 . Parvizi et al. 8 demonstrated that the leukocyte esterase strip test may have a valuable role in the diagnosis of periprosthetic joint infection, yielding a sensitivity of 80.6% and a specificity of 100% for a 11 strip reading. The leukocyte esterase strip test is a quick, easy-to-perform, cost-effective measure with high sensitivity and specificity. Similarly, Wetters et al. 9 found the leukocyte esterase strip test valuable with a sensitivity and specificity ranging from 92.9% to 100% and 77.0% to 88.8%, respectively, for the detection of periprosthestic joint infection. The ranges were due to the use of different indicators of periprosthetic joint infection (synovial white blood cell count, positive cultures, and reoperation), which the authors noted as a limitation since different definitions of periprosthetic joint infection could lead to different results 9 . This prospective study was designed to test the utility of the leukocyte esterase strip test for diagnosis of periprosthetic joint infection when infection was defined using the inclusive MSIS criteria. Prior literature on the leukocyte esterase test revealed high sensitivity and specificity; however, those results were based on a variety of periprosthetic joint infection definitions. To our knowledge, this is the first study evaluating the role of the leukocyte esterase strip test for diagnosing periprosthetic joint infection as defined by the current MSIS criteria. Additionally, in the February 2014 Proceedings of the International Consensus on Periprosthetic Joint Infection, it was reported that the group voted to include the 11 leukocyte esterase reading as part of the minor MSIS criteria, further indicating the importance and relevance of this test metric 7 .
Materials and Methods
O n approval of the institutional review board, which allows for surgical waste product to be collected without patient consent, we prospectively performed the leukocyte esterase strip test on 221 consecutive patients who had revision total knee or hip arthroplasty for either aseptic failure or periprosthetic infection from March 2009 to May 2013. Of the 221 revision arthroplasties, thirty-two patients were excluded because of the lack of adequate criteria for MSIS classification.
There were 189 patients in the final cohort; ninety-nine (52.4%) of them were women and ninety (47.6%) were men. Thirty-five hip and 154 knee arthroplasty revisions were included. The cohort had a mean age and body mass index (BMI) of sixty-three years (range, twenty-one to ninety years) and 32.9 kg/m 2 (range, 21.1 to 54.2 kg/m 2 ), respectively. Mean serum erythrocyte sedimentation rate (ESR), serum C-reactive protein (CRP) level, synovial fluid white blood-cell (WBC) count, and synovial fluid polymorphonuclear (PMN) percentage were reported for both the MSIS positive and negative cohorts (Table I) .
We obtained intraoperative synovial fluid from joints undergoing revision total knee and hip arthroplasty. Synovial aspiration was performed just prior to the arthrotomy, with use of an 18-gauge needle. This was done to minimize blood contamination of the synovial fluid that interferes with the leukocyte esterase test. If the synovial fluid had any contaminant, a minimum of 1.5 mL of synovial fluid was transferred to one or more Sarstedt Micro centrifuge tubes (Sarstedt, Nümbrecht, Germany). These tubes were then placed in a Fisherbrand Mini Centrifuge (dimensions, 16.2 · 15.9 · 10.2 cm; Fisher Scientific, Waltham, Massachusetts). The contaminated samples were spun at maximum speed for 120 to 180 seconds, after which synovial fluid could be extracted and isolated from nonsynovial fluid, typically, erythrocytes. Aggarwal et al. previously noted that the use of the centrifuge does not compromise the accuracy or affect the result of the leukocyte esterase reading 10 . Needle aspiration of this isolated supernatant synovial fluid allows for accurate colorimetric strip testing using the Chemstrip 7 urine test strip (Roche Diagnostics, Indianapolis, Indiana). Immediately following aspiration, one drop of synovial fluid was applied to the leukocyte test pad of two standard chemical test strips to detect the presence of leukocyte esterase. Results were recorded after sixty to 120 seconds. Two leukocyte esterase strips were used per aspiration to ensure the reliability of the strip result. For each individual synovial fluid sample, the two leukocyte esterase strips used always had the same reading (negative, trace, 1, or 11). Leukocyte esterase strip results were analyzed directly in the operating room or 1918
in the office setting. In either circumstance, results were read and interpreted by trained orthopaedic research fellows. The color of the test strip was read as negative (white), trace (slightly purple), 1 (light purple), or 11 (dark purple). Each joint was then classified as positive or negative for periprosthetic joint infection using the MSIS infection criteria 6 
:
There is a sinus tract communicating with the prosthesis; or A pathogen is isolated by culture from at least two separate tissue or fluid samples obtained from the affected prosthetic joint; or Three of the following five criteria exist:
• Elevated serum ESR ( ‡30 mm/hr) and serum CRP concentration 
Statistical Analysis
We calculated the sensitivity, specificity, positive predictive value, and negative predictive value of the leukocyte esterase strip test in diagnosing periprosthetic joint infection using the MSIS criteria as the standard. The statistical analysis was conducted in two parts: (1) a 11 reading represented a positive result, whereas a negative, trace, and 1 reading were all considered negative for infection and (2) a combined 1/11 represented a positive result-i.e., either a 1 result or a 11 result was considered positive for leukocyte esterase, rather than just a 11 result-while negative and trace were considered negative.
Source of Funding
There was no external funding.
Results
O f the fifty-two patients who were considered to have an infection according to the MSIS criteria, sixteen had positive cultures and thirty-six had negative cultures. Table II provides a distribution of the organisms identified for patients with a positive culture. At our institution, all coagulase-negative Staphylococcus organisms are categorized together.
Of the 221 revision hip and knee joints aspirated, thirtytwo (14.5%) did not have adequate testing to allow evaluation of the MSIS criteria and were ultimately excluded. Of the thirty-two patients excluded, 12.5% (four) had incomplete culture data, 6.3% (two) had incomplete serum data, and 81.3% (twenty-six) had incomplete synovial fluid data, either as a result of inadequate fluid sample to perform all tests or a dry tap.
Of the remaining 189 patients, the leukocyte esterase test was read as negative for eighty-three (44%), trace for thirtyeight (20%), 1 for twenty-nine (15%), and 11 for thirty-nine patients (21%).
When using the MSIS infection criteria as the so-called gold standard for the diagnosis of periprosthetic joint infection, the leukocyte esterase test with a threshold of 1/11 had a sensitivity, specificity, positive predictive value, and negative predictive value of 79.2% (95% confidence interval [CI], 65.9% to 89.2%), 80.8% (95% CI, 73.3% to 87.1%), 61.8% (95% CI, 49.2% to 73.3%), and 90.1% (95% CI, 84.3% to 95.4%), respectively (Table III) . Using the 11 as a positive leukocyte esterase result, the sensitivity, specificity, positive predictive value, and negative predictive value were 66.0% (95% CI, 51.7% to 78.5%), 97.1% (95% CI, 92.6% to 99.2%), 89.7% (95% CI, 75.8% to 97.1%), and 88.0% (95% CI, 81.7% to 92.7%) (Table III) .
Discussion
T he lack of a universal definition of periprosthetic joint infection has made its diagnosis a constant challenge. In an effort to create a more accurate and universal set of diagnostic criteria, the MSIS proposed an inclusive definition of periprosthetic joint infection 6 with the intention to eliminate discrepancies between various infection criteria. The adoption of a common set of diagnostic criteria, although a major step, is only part of the solution to achieving optimal diagnostic accuracy and efficiency. The need for a rapid, accurate, costeffective marker for periprosthetic joint infection remains.
The shortcomings of a single diagnostic test for periprosthetic joint infection directed our work toward leukocyte esterase 8 . In a prior study, Parvizi et al. 8 demonstrated that the 1919
leukocyte esterase strip had a relatively high sensitivity and specificity for detecting periprosthetic joint infection, later supported by Wetters et al. 9 . Furthermore, leukocyte esterase results correlated substantially with four parameters typically used to screen for periprosthetic joint infection (ESR, CRP, WBC count, and synovial fluid PMN percentage) 8 . Together, these five parameters could suggest a useful clinical diagnosis of periprosthetic joint infection.
The purpose of our study was to evaluate the usefulness of the leukocyte esterase strip test in accurately diagnosing periprosthetic joint infection as defined by the MSIS criteria. Our results indicate that the leukocyte esterase strip test remains a valuable diagnostic test for periprosthetic joint infection when using the MSIS criteria to define periprosthetic joint infection. Leukocyte esterase demonstrated a high specificity, negative predictive value, and positive predictive value, although the sensitivity was not as high as previously reported (Table III) . Although our data do not support the use of leukocyte esterase as an independent screening method because of a less than optimal sensitivity, the extremely high specificity and negative predictive value in conjunction with other parameters make it an extremely efficient test to rule out infection. Additionally, it should be noted that positive predictive value results are prevalence dependent, meaning that if the prior probability of infection were very low, then the positive predictive value would be much lower, even with the same reported sensitivity and specificity. Given these findings, this would indicate that a trace or negative leukocyte esterase should allow the surgeon to rule out a periprosthetic infection with relative certainty. The leukocyte esterase strip test is an important addition to the group of diagnostic tests available. Its rapid results (one minute), ease of use, and low cost allow it to be used both in outpatient and intraoperative settings.
Similar to other current diagnostic methods, the leukocyte esterase strip test has limitations. Any debris or blood in the synovial aspirate has the potential to skew the results of the colorimetric test, as exemplified in one-third of the aspirates that could not be tested with colorimetric reagents strips in the study by Wetters et al. 9 . We addressed this concern by using centrifugation to separate the bloody contaminant from the synovial fluid in cases of bloody aspirate, a protocol that preserves the accuracy of the colorimetric test for leukocyte esterase 10 . Although all individuals were trained to evaluate the leukocyte esterase strip test results, a possible bias is introduced because of the subjectivity of leukocyte esterase strip interpretation.
The future for leukocyte esterase as a marker for periprosthetic joint infection is promising. In revision arthroplasty, leukocyte esterase may be a more accurate and efficient predictor of infection at reimplantation than current markers such as ESR and CRP, which have a low specificity for periprosthetic joint infection 11, 12 . Leukocyte esterase may yield false-positive (11) results in patients with aseptic loosening of metal-on-metal total hip replacements because of white blood-cell recruitment to the joint site of inflammation; however, none of the patients with aseptic loosening of metal-on-metal implants in our cohort yielded 11 results, suggesting that leukocyte esterase is still valid in this circumstance. Nevertheless, further research is required to evaluate the true effects of metal-on-metal total hip replacement tissue reactions and leukocyte esterase.
In conclusion, detection of leukocyte esterase in synovial fluid appears to be a highly accurate, simple, rapid, and valuable tool for the diagnosis of periprosthetic joint infection, demonstrating a high specificity and negative predictive value for the diagnosis of periprosthetic joint infection when applied to the MSIS criteria. n 
